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(57) Abstract 

The present invention relates to a method of detecting in DNA obtained from an individual an abnormality in DNA which 
is associated with a genetic desease, with particular reference to cystic fibrosis, using oligonucleotide probes. The probes are lab- 
eled with two different fluorophores and hybridize to the regions of normal DNA which correspond to a region of DNA where 
an abnormal nucleotide sequence exists in a gene, such as that associated with that of cystic fibrosis. Hybridization is detected by 
fluorescence resonance enei:gy transfer (FREl). 
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DIACHOSIKC CYSTIC FIBROSIS AMD OTHER CEHETIC 
DISEASES PSIWO FL UORESCEMCB 
RESOHAirCE EHE RCY TRAHSFBR (FRET) 

Baekground of the Invention 
05 Cy.tlc flbro.la (CF) im the matt eeaaen g«n«tle 

dlsordor «ffectlng the white population. The 
ellaleal ■•alfestatleae of the dlaeaae Include 
ehroale pulaeaary dlaeaaa. paaeraatle aazyBa 
laaufflelaaey and alavatad avaat alactrelytas. 
10 Fatieata with CF uaually aueeuah to tha pulaenary 
dlseaae by tha aaeoad daeada of Ufa. laeraaaiagly . 
patient* are aurvlvlng Into adult Ufa, albalt with 
pulaonary and gaatrolnteetlnal probleaa. The 
prognosis of CF depends entirely on Its severity, 
15 ••• *t flrat diagnosis and effective aanageaeat of 
■any eeaplicatiena. 

Abneraally high alaetrleal petaattal 
diffaraaeas have been dataetad acreas tha apithalial 
surfaeas of CF axoerlae tlsauas. Tha fundaaaatal 
20 defect has baan associated with daeraasad chloride 
Ion eonduetaaca across the apical aaabraaa of 
epithelial calls. Although progress haa bean aada 
In the iaolatioa of polypeptide eoapoaenta of an 
•pitbalial chlerida channel that aedlataa 
25 eonduetaaca, tha relationship of tha channel to the 
elinieal •yapteas of CF haa yet to be astabliahad. 
Despite axtaaaiya reaaareh efforts, tha baaie 
bioehaaieal defect raaaiaa unknown. 

Tha incidanee of CF in North Aaariean vhitas is 
30 epproxiaataly 1 in 25,000 births. This suggests a 
gene frequency of 1 in 50 and a carrier frequency e£ 
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About I in 25. Thm drnfmetivm g%nm vat link«d to a 
DKA polymorphl«« 4n 1985 /and loealisad to tho long 
arm of huaan ehroaoaoaa 7.' Subaaquantlyt aagnanta 
of OKA eloaar to the eyatic fibrosia gano vara 
05 idantlflad, and ORA polyaorphiaaa vith particular 
allalaa fraquantly aaaociatad vith tha eyatie 
fibroaia (l.a., linkaga dlaaquilibriua) vara 
raportad. Tha cloning of tha CF gaaa haa baan 
raportad. and a thraa«basa ( thraa*nuclaotida) 
10 delation that raaovaa phanylalanina 508 froa tha 

1480 aaino acid coding region vat identified aa the 
autation that cauaae CF in the aajority of caaea. 

Hiatorically, the diagnosia of cyatie fibroaia 
haa been baaed on clinical flndinga and the 
15 biocheaical abnoraalitlea in aveat. Aa increaaa in 
aveat electrolytea . accoapaniad by one or acre aajor 
clinical featurea, vaa the baeia for diagnoaia. 
Prenatal diagnoaia and carrier detection vere not 
poaaible. 

20 Sttaaary of the Indention 

The preaent invention reletea to a aethod of 
detecting in SNA obtained froa aa individual an 
abnoraallty la MA, auch aa that aaaociatad vith CF. 
la particular, it ralatee to a aethod of detecting 

25 in OVA obtained froa aa iadividual, a threa-aucleo- 
tide or triplet deletion froa the CF geae vhich haa 
been ahovn to be aaaociatad vith CF in approxiaataly 
70% of all caaea« The preaent invention further 
relatea to probea (ONA or RNA) uaeful in the aethod, 
30 aad applicable to other genetic diaaaaea in vhich a 
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d«l«elon, iM.rtion. Bodlficatlon or •ubftltutlon of 
OB« orsero ba««« la eho'prlmary .tructure of tho 
BorMl DHA eeevrs. 

Th« Boebod of dseaetiaf aa «bBera«llty la • 
05 cystic fibrosis s«b« vhleh Is ssseelstcd vleh ox 
csusstlTo of cystic fibrosis roUos ea fluerosesaes 
r.sonanco saorsy tr.a.for (PRET) «ad esa bo csrrlod 
out In OHA obtalaod (pr.o.t.lly or po.tastslly) froa 
•a ladlvldual suspoecod of having or llkoly to 
10 dsvolop cystic fibrosis or la OHA obtslaod froa an 
iBdlTldual theugbt to bo a carrlar. 

la tha aathod of tha prasaat lavoatloa. a pair 
of flttorophora-labolad ollgenuelaotldo prebos Is 
eoablaad vlth DHA obtalaad fro. aa ladWldual. Tha 
fluorascanca aaorgy trsasfar taehalqua as rslstad to 
hoaologoua saquaaeas was auggoatad by Bailor sad 
Morrlaon. in Rapid Dataet lon and Idantif te.ti «p 
Ipfactieua Agants. Eda. Kingsbury. J.j. and S. 
Palkstt (Acadaale. Hav York.) pp. 245-256, and shown 
to bo sppllcablo to localisation of spaeific 
saqaaneas of OHA or RHA by C.rdullo •! Proc. 
Watl. Acad. Set. PSA ££:S790.S794 (19t8). Tha 
probas sra coaplsasatsry to tha rsfioB of aeraal DRA 
vbleh corraspeads to a rogloa of OHA vhoro «a 
abnoraal auelootlda soquaaea axlsts la • gaaa 
assoelatad with or causativa of cystic fibrosis. 
HybridlsatloB of both labalad oligonuelaotlda probas 
to DHA obtalaad froa tho Individual occurs only to 
Borasl OHA sad Is dotoetad by .assurlag fluorosesaca 
30 raseasaeo oaargy transfer. 

la particular, tha Invantlon ralatas to a 
■athod which aakas usa of a pair of fluorophora- 
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labeled oligonuclaotlda probes. One probe is 
eonprired of e nucleotide sequence eoapleaentery to 
e region of ONA which is adjacent to an abnormal 
nucleotide aequenee in. a defective gene asaociated 
05 with or cauaative of eyatic fibroaia. A aeeend 

probe la labeled vith a different fluorophora (i.e., 
froa that praaant on the other probe) and ia 
conprlaed of a nucleotide aequenee coapleaentary to 
the region of noraal DNA corresponding to the region 
10 froa which, in abnoraal DNA» the three nucleotldea 
are deleted and a region of DNA directly adjacent to 
the region, but in the opposite direction froa that 
of the other probe. The fluorophorea are covalently 
bound to the probes and are poaltioned on each probe 
15 aueh that when both probea are hybridized to an 
uninterrupted aegaent of noraal ONA, the fluoro* 
phorea will lie adjacent to one another. 

Both probea will hybridize to DHA froa a noraal 
individual and the energy of the fluorophore (donor) 
20 of one probe will tranafer to the fluorophore 

(acceptor) of the aecond probe. Vhen both probes 
are hybridized to an uninterrupted aegaent of noraal 
DHA, there will be an area between the probea 
lacking hybridization of coapleaentary nuelaotldes, 
25 vhlch provides the apace for the fluorophorea to lie 
adjacent zo one another and tranafer energy. This 
can be deteetad by fluorescence resonance energy 
tranafer (F&XT) by aeasuring the decreaae ia 
fluorescence (quenching) of the donor fluorophore 
30 and the increaae in fluorescence of the acceptor 
fluorophore. If the energy transfer occurs, it is 
Indicative of a noraal gene or nucleotide aequenee. 
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Th« prob* vhieh tneludas • nuel«otld« •equenee 
eoapl«»«at«ry to th« vglon of aeraal DNA thftt 
corresponds to tho mbnera.l a'uelootido •oquoneo of « 
dofoetlv* g.n* will not hybrldis* with OHA frea «n 
05 Individual with cy.tlc fibres!*. Consoqusntly, 
thsrs will bo no onsrgy transfer between 
f Ittorepbores and no increase and decrease in 
fluorescence of the fluerepberes occurs. The 
absence of energy transfer is. thus, indicative of 
10 cystic fibrosis. Further, the eonfiraation of the 
presence of the CT gene can be carried out through 
the use of probes specific for the CP gene. 

The present invention offers several advantages 
over existing technologies. Current aethods of 
15 decocting the absence or presence of abnoraal 
nucleotide sequencee related to cystic fibrosis 
usually involve the burdensoae task of iaaobilizing, 
onto a solid support, the oligonucleotide probes 
used for capturing the nucleotide sequence of 
20 interest or saaple nucleotide sequences to be 
tested. This is needed beeauae current testing 
aethods require the separation of hybridized 
nucleotide sequences froa non-hybridlied sequences. 
The present Invention does not require these 
25 separation steps, and consequently, laaoblllsation 
of probes or saaple nucleotide sequences is 
unnecessary. In addition, the use of solid supports 
is usually aeeoapanied by prebloas of nonspoeifle 
binding of detector oligonucleotide probes to the 
30 oolid support, resulting in inaeeurato 

deteralnations of hybridization between the 
nucleotide sequence of Interest and dstector probes. 
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Lastly, th% pr^sant ■•thod do«s not roqulra thm umm. 
of radloActlvity , and eonsaquently , its troublssoae 
disposal. In suMary, tha prassnt invantion is an 
aceurata and sansitiva^ aathod of datactlng abnoraal 
05 nudaotida aaquaneas in tha cystic fibrosis (anoaa, 
vhich is also convaniant and aafa. 

Briaf Dascriotion of tha Dravini^s 

Figura 1 is a schaaatic raprasantation of tha 
hybridisation of f luorophora^labalad nuclaie acids 
10. coaplaaantary to distinct, but closaly spaead, 
saquancas of a longer unlabalad nuclaie acid. 

Figure 2 is a schaaatic raprasantation of ona 
aabodiaaat of tha prasanc invantion, illustrating 
tha usa of pairad fluorophora-labalad probas 
15 coaplaaantary to noraal ONA vharaln 1) cha 

hybridization of both fluorophora-labalad probas 
vith noraal DNA and tha resulting fluorascanea 
anargy transfer; and 2) the lack of hybridization 
vith CF DNA of the f luorophore-labeled probe 
20 containing the nucleotide sequence eoapleaentary to 
the region of noraal DNA corresponding to the 
trinucleotide delation and adjacent 5' nucleotides 
of cystic fibroaia DNA and the lack of fluoreaeanea 
energy transfer. 
25 Figure 3 ia a schaaatic representation of one 

eabodiaent of the present invent ion , illustrating 
the use of paired f luorophore*labeled probea 
eoapleaentary to CF ONA and shoving 1) the 
hybridization of both fluorophore- labeled probes 
3Q vith CF ONA and the resulting fluorescence energy 
transfer; and 2) the lack of hybridization vith 
noraal ONA of the 
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fluorophor«.l«b«l«d probe containing the nucleocldo 
••qu*ne« eoaplaacntftry eo tha region of CF DKA 
eorraspentflnt to th« trlnuclootldo delation and 
adjacent 5' nuclaetldea of eyatie flbroala DNA and 
the lack of £lueraaeane* energy traaafar. 

Figure A ia a graphic repreaentatlea of the 
aodulation of fluoreaeence inteaaity upea B-aar 
hybridlaation at fixed auabera of doner aoleculaa 
and inereaaing concentration of the coapleaentary 
10 eligenueleetidaa. 

Figure 5 la a graphic repreaentatloa of the 
tranafer effielaaey of fluoreaeein aad rhodaaiae 
attached to the 5' aada of ceapleaeatAry 
oligonucleotidea of varioua lengtha. 

Figure 6 ia a graphic repreaeatation of ehaagea 
in fluoreaeence inteaaity of doaor aad 
•eceptor-liaked S-aera aa a funetiea of teaperature. 



15 
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Detailed D^.e^iption of r.hm T^^.Tirlftn 

The preaeat iaveation ia a aethod of detecting, 
in DNA or MA obtained froa aa iadividual, a 
defective geaa(a) aaaoelated with or eauaative of 
eyatic fibreaia. The aethod ia uaaful la diagaoaing 
cyatle fibroaia ia aa ladividual aad ia dateraiaiag 
25 whether aa iadividual ia a carrier of the defective 
gene(a). The aathod utlllre. « pair of fluorophore- 
labeled oligonucleotide probes coapleaeatary to the 
regloa of aoraal OHA which eorreapoada to the raglea 
of DNA froa which, in DNA aeaoclated with or eauaa. 
30 tlve of cyatle fibreaia. three nucleotidea are 
deleted (i.e.. the region in vhleh an ebnorael 
nucleotide aequence eeeura). The preaeat aethod 
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r*li«c en ■•ana of dctaetlon of fluor«*e«ne* r«*e* 
nane* Miargy craaafar aa an iadieater of tha pra* 
aanea or abaanea of abneraal bHA. 

Hybridisation of tve aaparate aagaanta of DNA 
05 (i.o., oligenuelaotida pcebaa) to adjaeant ragiona 
of a third eeaplanantary aingla atrand mmy ba 
dataetad by non-radlativa flueraaeanea raaonanea 
anargy tranafar, providad that two flueropheraa with 
ovarlappiag aseitation and aaiaaion apaetra ara 
10 attachad to tha hybridizing aagaanta of OHA and. 
enea thay ara hybrldisad, tha diatanea batwaaa tha 
two fluorophoraa thay baar ia appropriata for PREI 
to occur. For axaapla. tho 3* and of ena olige- 
nuelaotida can have a fluoraacain eovalaatly 
15 attachad, and tha 5» and of tha othar oligonuclao- 
tida can hava a rhodaalna eevalantly attachad. Thia 
can ba carrlad out, or axaapla, a daacrlbad in 
Agraval, S., at al., Huclale Acids Raa. . 14: 
«227«6245 (1986): Tat Latt. . 31:1543-1546 (1990); 
2° ■«elaie Aeida ftaa. ^:S419.5423 (1990) and £aaoa. 
».C., ot £l. , Mothoda In EngyMalaBY - 188i7S3.7gI 
(1988). Tb« toaehiags of both of thaaa rofaraneaa 
ara ineorporatad harain by rafaraneo. Tha aaeita- 
tion and aaiaaioa apaetra for tha fluorephora* uaad 
25 for labeling tha tvo probaa auat OTerlap. tfith tha 
two fluorophorea aantionad above, the excitation 
wavelength for fluorescein (472 na) will excite an 
eaiaaien wawalaagth of the rhodaaine at 577 na. An 
iaportant eoasidaration in aeleeting or deaigning 
30 probaa or ollgonacleotida aequeaces is the distaneo 
which will aeparata thea once each hybridizea to the 
region of the longer DNA aaquence to which it ia 
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eeaplcaantftry. In s«n«ral, th« closer th« two 
fluorophoros aro Co on* anothor, tba groater will ba 
tha anergy traaafar. Mazlaal' aaparation la approxi- 
■italy 50-75 angstreaa. Thua, a dlatanea rapra- 
05 aantad by 4-6 bp for two aagaaata of DHA hybridizing 
to a third eoaplaaaatary unintarruptad aagaant would 
rapraaant an accaptabla presialty of tha flueraaealn 
and rhodaaiaa f luorephoraa . Th. accaptabla baaapalr 
diataneaa batwaan ethar palra of fluorophorai can ba 
10 dataralnad axparlaaatally by oaa aklllad in tba art. 

Ona aabodiaant of tha praaant invaation ralataa 
to tha dataction of tha aagaant of ORa frea a eyatie 
fibroaia gaaa In which tha ganatle dalacion (-TTT.) 
occura on chroaoaoaa 7. Tha dataction of thia 
15 dalotion can ba carried out aa follows: Two probaa 
ara uaad: ona proba (a flrat proba) which is 
appraxiaataly 20 oligonuclotidaa in length, which la 
coaplaaantary to tha ayatie fibroaia gene and 5' to 
tha delation, and labeled with fluoreacein (e.g.. by 
attaching fluoreacein by a linker to the 5' and of 
the oligonucleotide OHA aaquence) and aaother probe 
(a aeeond probe) which la a hesaaar coaplaaentary to 
the nucleotide sequence of the -TTT- delation and 
the adjacent three nucleotidea in tha 3' direction 
25 and ia labeled with rhodaaine attached to ita 3' 
end. 

Izon 10 of ehroaosoae seven, aa deacribed by 
ftaardoa. J.I., at aj., ( Science . 245: 1066>1073 
(1989)) la laolatad froa a noraal ganaaa and frea a 
30 cyatlc fibroaia ganoae. Dalng cendltloaa detailed 

in Cardullo, R.A.. Proe. Natl. Acad. Set. , nsA, gs- 
8790- 8794 (1988), the coaponents to be hybridised 



20 
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«r« eeablB«d: 1) Ezea 10, 2} « 20'a«r eoBplaacatary 
to th«- eCC-ACC-AT7>AGA>GAA-AAT-AT pertlea of th« 
fan* and baarlng a 3'-tarainal fluoraaealn aolaeula, 
and 3) a hazaaar eeaplaaantary to TIT-CCT and 
05 baarlng a 5'-earalnal rhedaaina aolaeule. Thar* 
•111 bo ewo foras of Eson 10: ona frea a neraal 
gottoao and a oocoad froa a eyacle fibroaia sanoa*. 
Th* raagaats or coapoaaaea ar* eoabtaad at a toapor* 
atur* approprlato for hybridlxatloa of ollgeauelao- 
10 tldaa of tho loagch uaad to oeeur (a.g., 20*C). Ac 
chla taaparatura. during tha hybridization raaetioa. 
tha fluoraaealn la azeltad using a lasar baaa of 
approzlaataly 472 aa. With tha 20.a*r hybrldizad to 
tha apaelfie aoquoaco of tha ganoaa. tha fluor*ac*la 
15 and rhodaalaa will b* in cleaa onough proziaity to 
paralt tha fluor*ae*ac* •a*rgy traaaf*r. Thua, a 
rhodaalaa aalsaioa arouad 577 na will occur la tho 
noraal ganoaa sagaont. 

Aa lllustratad la Flgur* 2, th* rhodaalaa - AACCA 
20 hazaaar will ba hybridlrad to tha -TTTCCT- aogaaat 
of th* neraal ganoaa. Thia raaulta in anorgy 
tranafar froa fluoraaealn to rhodaalaa and 
fluoraacane* *aisalon froa rhodaalaa. In tha eaa* 
In vhieh 9VA baiag aaalyz*d la ale*r*d (1.*.. in 
25 thia eaaa, eoataias th* trlauclcetld* d*l*tion). «a 
•lao illuatratad la Figura 2, th*r* la ae -TTT- 
trlaucl*otid«. du* to th* g*a*tie d*l*tlen. 
Hybritfisattoa «f th* rhodaaiB*«lab*l«d h*xaa*r 
(rhodaaiaa.AAA-CCA-5') irlth th* a*ga*at of th* 
30 cyatlc fibroaia ganoaa alaalng tha •TTT- cannot 
oeeur. At th* hybridization taaparatura ehosoa 
(a.g.. 20*0, tha thraa aaabara of tha proba 
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eoapl«a«ntary ce chrQaofoul ONA will not hybrldls* 
•ffaetiVcly with « coaplcaantary triasr. 

Th«r«£or«, Exen 10 frea « nera«l g«ne will glv. 
« rhodaaia* fluor«*e*ne* «n*rgy transfar. whll. Eson 
05 10 frea a «y«eie flbreti. g.a. with . -ttt- dal.tlon 
will fall to Siva tha rbedaalaa flueraacanea whan 
aabjaeead to tha auelaie acid hybridlsatlaa proea- 
dura daaerlbad abava. 

A. llluatratad In Flgnra 3. dataction of cha 
10 cyatlc flbreala daf«et la aecoapllahad by aaplaylng 
th. labalad proba S'-ACCCAT. coaplataly hybrtdlrabla 
to tha aaquanea 5'-ATCCCT of tha cyatlc flbreala 
teneaa. In tha caaa of tha noraal ganoaa. howavar. 
tha ATCeCT aaeeuatara a alaaateh and deaa not 
15 hybrldl.a at 20-C. The FEET anargy la. tharafera. 
not tranafarrad frea fluoraacaln to rbedaalaa and 
tha r&edaalaa aalaalon apaetrua la net aetiwatad. 
Tha prebaa aay ba longer than a haxanuclaotlda . 

Tha dataction of any known dofaet in a nuelae. 
tide aaquanea of a g«na(a) relating to cyatlc 
flbreala can ba achlavad ualng a pair of two ollge- 
auclaotlda prebea: 1) . fir.t proba eo.plaa.ntary 
to aa area ef DMA adjacent to tha known defact in 
tha aaeleetlde aaquaaee ef a gaaa(a): end 2) a 
aeeoad probe eoapleaentary to: a) a region ef noraal 
DHA eorreapeadlag to the regloa la whieh the known 
defeet la the nueleecide aaquenee ef eheae geaea 
oceura. and b) a region adjaeent, la the oppoaito 
dlreetlen ef the flrat probe, to the defeet-een- 
30 talnlng region. Each proba la labeled with a 

fluerophere and the fluorophoraa on tha two prebaa 
are diffarant frea one another. Tha fluerephorea 
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CM b« ateaehad to th« 3r or 5' and of aichar proba; 
faevavar. cha atcaehaant of thp fluorepheroa aust ba 
■ateh«d In such positions thsc vhon hybridisation 
occurs botvosn tho tvo. probes and an unintarruptod 
05 sagnont of DHA, tho tvo fluorophoros of tha probos 
ara adjaeont to ona anothar. ¥han both probos ara 
hybridizod to an unintarruptad aagnant of noraal DNA 
froa a saapla, thara vill ba an araa batvaan tha tvo 
probas vhich lacks hybridisation of eoaplaaantary 
10 nuelaotidaa. Zn this araa, tha fluorophoraa of tha 
. tvo probaa lia adjaeant to ona anothar. Tha 
distanea batvaan tha tvo fluorophoraa aust ba 
aufficiantly elosa to allov tha affieiant transfar 
of anarfy batvaan tha tvo fluorophoraa but not ao 
X5 closa aa to cauaa ataric hindaranca batvaan tha tvo 
probaa upon hybridizationa Tha aneitation and 
aaisaion spoecra of tha diffarant fluorophoraa aust 
ovarlap to aehiava anargy tranafar* Ona fluorophora 
acta aa an anargy donor and tha othar acta aa aa 
20 "•>ffy *ccaptor. Vhon in proziaity to ona anothar, 
vhich oecura vith hybridisation of both probas, tha 
fluorascanca of tha anargy donor dacraaaas aa tha 
fluoraacaaca of tha anorgy acceptor incraasas. 
Ezaaplaa of aach fluorophoraa ara fluoraacain and 
25 rhodaaina* 

Probaa uaaful in tha praaant aathod can ba aada 
uaing ganatic anginaaring tachniquaa or can ba 
aynthaaisad chaaically, such aa by tha phoaphoraai- 
dlta aathod uaing a coaaarcial DNA aynthaaisar and 
30 ^*cyanoathyl phoaphoraaidita, 

fraparation of fluorascantly labalad oligonu- 
claotida probas can ba achiavad by darivatization of 
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th« d«*ir*d end CP b« l«b«l«d and subsaquaac attach- 
■ant et tha fluereehera. Brlafly. for 5' fluopo. 
pbera labalad ollgonuelaotlda' ppobaa. an aalnehaxyl 
llakar can ba iDCroducad onto tha 5' and of tha 
05 oUgoauclaotlda by tha uaa of an axtra cycla of 
phoaphoraaidlta aynthaala (9.fluoraayl} ■atbeosy- 
caxboaylaaiaohasyl ^-eyaaoathyl NM-dllsopropylaalae 
phoaphita la tha eoupllns raaetion aa daacrlbad by 
Agraval. S. at al. . aupra, and Eaaen. F.C. at al. , 
10 aupra. Aftar raaeval of protaetlva groupa with 

eoacaatratad aueala aolution. tha aaiaohaxyl llakad 
eligoauclaotlda can ba purlflad by ravaraa. phaaa 
high praaaura liquid chroaategraphy (HPLC). 

Tha J' aad darlvatisatioa of ollgeauelaetldaa 
15 »ith aa aalae group caa ba baaad oa aaeabllahad 
ehaaiatry for 3' aad laballag of MA. aueh aa that 
daacrlbad la Zaaacalk. P.S. mt Proc. of th, 

llat;. Acad. Sciaaeaa USA . 46:811-822 (1960); Bookar. 
•£ al., Kuelale Aetda imm. 5:363-384 (1978), 
20 tha taachiagt of vhieh ara haraby"lacorporatad by 
rafaraaea. To adapt thia ehaaiatry for laballag 
DHA. ayathaaia of tha daairad eligoauelaotido 
aoquaaea caa ba earriod out oa 5' .diaothoaytrityl. 
-3'(2').acatylribonttel«eaid«2'(3'). llakad to 
25 loag-ehaia alkylaaiao eoatrollad-pora glaaa aupport 
(20aM/ga). Aftar tha ayathaaia, protaetlag groupa 
caa ba raaovad la eoacaatratad aaaoaia. Crude 
oligeauelaotldaa caa than ba oaidlsod vlth pyridata. 
raaetad vlth l.«-dlaaiaohaaaaa, aad raduead by 
30 aodlua cyaaoborohydrida aa daacrlbad la Agraval. S. 
•t al. aad Bookar. T.B. at «i. Tha aalacoligoau- 
claotldaa caa ba purlflad by ravaraa phaaa HPLC 
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bceausA th«y mxm r«t«rdftd to a sigalfleutly sr«At«r 
•zt«ntt!rAs undorlvAtiztd ollgoouelootldos. 

▲ttachB«nc of fluoroieol'n, using fluoroocoln 
l«othlocy*Mto, or totraaochyl rhodmalno, using 
05 totrsnochyl shodasino isothioeysnsto, co eho 

drnvliTAZlzmd oligonuelootidos ud oubsoquont purifi- 
eatiott can bo earriod out aeoording to tho proco* 
dttroa doflcribod In Agraval. S. o£ al. and Cuon, 
P«C. ot al., aupra. 
10 Tho proaont aothod can includo tho following 

atapo: 1) obtaining fron an indiTidual a oanplo to 
bo analyzod; 2) troatlng tho aanplo to rondor 
nucloic acids prosont avai labia for hybridisation 
vith eonploaontary nuclootido soquoncoa; 3) coa- 
15 bining tho croatod aanplo and a pair of appropriato 
fluorophoro'labolod oligonuclootido probos. undor 
conditions appropriato for hybridization of eonplo- 
■ontary saquoneoa to occur; and 4) dotornining 
whathor fluorosconco roaonaneo onorgy transfer 
20 occurs. A lack of onorgy transfer is indicative of 
cystic fibrosis. 

Tho prosont aothod can bo used on OHA fron a 
▼arioty of tiaauos. For ozanplo, a saaplo can bo 
obtained pronatally by aaniocentesis or postnatally 
25 by aurgicol biopsy. Once obtained, the saaplo is 
treated in auch a aanner that the nucleic aclda 
present in the saaplo are available for hybrldiza* 
tion vith coapleaentary nucleic add aequencoa, 
vhich are the selected oligonucleotide probes 
30 described above. For ezaaple, a saaplo can be 

created vith an agent vhich disrupts the cellular 
and aolecular structures of the tissue. Cells can 
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b« dlaruptad usinf ehaetropie agaats vhieb disrupt 
tha aelaeular atrveeura of tha tlasua. That la, tha 
agaat danaturaa tha aaeondary, tartlary asd/er 
quartarnary atrueturaa. of blepelyaara. laeludlag 
05 pretalaa, audale aclda. polyaaceharldaa which ara 
gaaarally feaad la biological apaclaaaa. Isaaploa 
of ehaetropie agaata laeluda ehaetropie aalta (e.g., 
guaaldlalua thleejaaata) . hydrelytle easyaea <a.g., 
proteaaaa) aad eoapeaada that disrupt hydrepheble 
10 lataraceleaa (a.g, aodlua dodaeylaulf aca , pheaola, 
dlaathylforaaalda. dlaathylsulfealda. tatraaethyl' 
uraa or guaaldlalua hydrochloride. Phyaleal or 
aachaalcal aaaaa of dlsruptlag aolacular atrueturaa 
(e.g., bead baadlag aad aoaleatloa) eea be uaad to 
15 releaae aaelele aelda. If aaeeaaary. auelale aelda 
preaaat la the tlaaue aaaple aad releaaad frea It 
caa be treated further te eaaure that they are 
available for hybrldlaatloa vlth eeapleaeatary 
auelelc acid aaqueaeoa (e.g.. by heatlag te reader 
20 double atraadad aaqueaeoa alagle atraaded) . Ageata 
and technlquaa that dlarupt aolacular atrueturaa caa 
be used alagly or la Tarloua eoablaatleas for thla 
purpose. 

After the aaelele aelda are readered available 
25 for hybridisatioB, the saaple Is eoablaad vlth a 
pair of ollgeauelaetide probes as deserlbed above, 
vhlch hybridise seleetlvely to the regloa of aoraal 
OHA vhleh cerrespoads te the regloa of DIA vhere a 
kaova defect exists la the aueleotlde soqtteaee(s) of 
30 e gene(s) assoelated with or causative of cystic 
fibres la. 
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Th« pptlaua teaparACur^ for hybridlzAtioa of 
both oligonucloocldo probo« to saaplo nucloic Acids 
vlll dopond on tho nueloocldo longth of both probos 
and can bo dotorainod oxporiaontally by ooaoono 
05 okillod la tho art. Figuro 6 llluatratoa tho 
aoltlns toaporaturo (T^) for hybridization of 
uamodifiad ollgoauelootldoa, aad of ollgoauelootidoa 
vlth aodlfleatlona at tho intornuolooaldo phoa- 
phatoa. A 20-aor uaaodlfiod dooxyollgoauelaotida 
10 haa a of 66*C; vhllo a trtaor uaaodlfiod dooxy- 
ollgonuclootido haa a of approalaataly S*C. 

Tho aothod of tho proaant invontion can bo 
c«riod out in auch a aannar that hybridization 
occura in an aquaoua onvironaont without tho nood 
15 for a aolld aupporc. . Tho traatad aaapla ia proaant 
in a liquid praparatlon. auch aa a phyiologieal aalt 
aolutlon. Tho ollgonuelootida proboa ara alao 
proaant in a liquid proparation. Tho tvo propara- 
tiona ara eoablnod» to produeo a aaaplo-probo 
20 eoablnation. Thia roaulta in contact batvaan 

nucloie acid aoquoncoa praiont in tho aaaplo, and 
tho oligonuclootido proboa. If nuclootldo aoquoncoa 
vhich ara coaploaontary to tho aalactod aat of 
nucloie acid proboa ara praaant, hybridization will 
25 occur. 

Docoetloa of hybridization ia carried out by 
azpoalng tho aaapla to a vavalaagth approprlata for 
ozcltatlon of tho donor fluorophoro. For aaaapla, 
if tha deaor fluorophoro ia fluoroacaln, a 
30 vava length of 472 aa la uaad. Tha onorgy froa tho 
azcitod fluoraacain ia transfarrad to tho acceptor 
fluorophoro. auch aa rhodanina. Tho fluoroacanca 
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15 



•alision wavclangth of th« aee«ptor fluerophor* Is 
then SMsurad. Typle.lly. th« background fluoro.- 
cone* Intontlty of phoBphAeo-bufforad aallna aolu- 
elon la dacarainad. To ehls aalutlon. quantitlaa of 
05 doner labalad or unlabalad ellgonuclaotldas in 

phoaphata-buffarad aalina ara addad In atapa and tha 
flueraacanea Intanaley la daearalnad. Ollgonuclao- 
cidaa containing aceoptor fluorephoraa ara than 
addad In voluaa atapa. Enargy transfar la obaarvad 
10 by both quanehlng and aceaptor anhaneaaant. Trana- 
far afflelanelaa ara dataralnad frea tha quanehlng 
data. Thia Invelvaa correcting tha data for dilu- 
tion and for quenching by unlabeled coapleaent. 
Thus. If „ end Q^^ are the quenching obaerved 
for unlabalad and labalad coaplaaeata. the tranafar 
•ffiel.ncy 1. given by Bt-CQ^. .•Qi,„)/(l.Q^ . 
Acceptor labeled ollgonueleotidea are added'untll E 
i» constant. The degree of quenching of the donor ^ 
fluorophore and excitation eaiaaion of tha aceaptor 
fluorophore are deteralned for each saaple and 
coapared. Lack of hybridization between 
oligonucleotide probes and aaaple nucleic aclda la 
detected by the abaaaeo of quenching of the doner 
fluorophore and «b««ace of an anhaDced ealeslon 
25 epectra of the acceptor fluorophore. Horaal aaaplea 
end aaaplea obtained frea Individuals auapaeted of 
having eyatic fibroals or being a carrier of a 
eyetic flbroala gene are coapared. 

The FEET technique can be uaed for the 
dlagnoaia of ether cellular diseaaea Involving ONA 
or EHA. in which nucleotide deletiena. changes or 
•dditlons occur. For axaaple. Faailial Hypertrep hie 
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CardioMYopathY in thm fi e«rdUe MHC g%nm, •son 27 
has a r«pl«c«B«nt of an alanine by a aarlna raaldua 
at ona position. T in a eodon takat tha plaea of an 
A. thus, eonvarting tha coding aaquanca froa 
05 GCCCala) to TCC(aar) (Tanigava, Q. at al. . Call , 
62:991-998 (1990)). 

Zn Myoclonic Epilapay and ftaggad-Ead Fibar 
Oiaaaaa (KE&RF) a autation oceura at nuelaotida pair 
8344 in tha aitoehondrial DKA in tha tRHA lya TtC 
10 loop, vith an A-to-G transition nutation (Shoffnar, 
J-M' 11 ll-. Sill. 61:931-937 (1990)>. 

In Albright's Haraditary Ostaodystrophy , tha 
C^t gana, contains in axon 1 an A-to-G transition at 
position *1 in tha B^a allala. This autation 
15 eonvarta tha initiator ATC (nathionino) codon to GTG 
(valina). thus, blocking initiation of translation 
at tha noraal aita (Pattan. J.L. at al. , H,E.J. Msd , 
322:1412^1419 (1990)). 

In tha diaaasa eharactarizad by a daficianey of 
20 lipoprotain lipase (LPL) activity, knovn aa 

^^Sathasda* ^» * single base aubstitution, G 

At at position 781 in the fifth exon, vhich 
results in an Ala ^ Thr substitution at residue 176 
of LPL (CCA becoses ACA) (Beg, 0,U. et al. Proc, 
25 Natl, Acad, Sei. USA . 87:3474-3478 (1990)), 

In the diaaasa knovn as Achondrogenesis, there 
is a heterosygoua a ingle exon deletion in the type 
II procollagen gene (C0L2A1}, A single base change, 
G -» A occurs in exon 51 of the EFLP (♦) allele and 
30 results in a glycine to serine substitution at amino 
acid position 191 in the C-propeptide of type II 
procollagen. A aecond substitution occurs at the 
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lOo'*' auel«etld« of •sen -46, and converts eh* nora«l 
glyclno eedea at position 943. (C6C> to oorlno (A6C) 
(Vla.lng. H. 11 £l., J. Biol. Chmm. 364:18265.18267 
(1989)). 

05 In Tay. Sachs Disss** (G^^ f angllosldosls . typ* 

I) thr** point autstlons hsv* b«*n id*ntlfl*d (for a 
r*vi*v. o*a Trlggs.ftsla*. g.L. at *1. , N.E.J. M*d. . 
323:6.12 (1990). Za ea* of thoso a four has* pair 
lassrtlon occurs la sxoa 11, accouatlng for 

10 approxlaatoly 70 poreont of the casos of Infantile 
Tsy-Sschs disaas* in Aahkanasl Jows (Mysrovitz. R. 
and r.C. Costlgaa. J. Biol. Cha^. . 263:18367-18569 
(1988)). 

In haaophllia A, th* eodon for arginina (CCA) 
15 at aalao acid 2135 is autstad to tho stop eodon IGA 
(Yottssouflan. H. at al., Natura, 324:380-382 
(1986)). 

la sickle 0*11 aa*Bls in th* B^-globin chain, 
th*r* is a substitution of A for T at eodon 6. This 
20 nutation chaagas th* eodon GAG (Glu) Co GT6 (Val) 
(Antonarakls, S.B. *t al.. Hub. 'c*n*t. . 69:1-14 

(1985)). 

A list of 16 disoasas in which point nutations 
hav* been Identified is given in a r*vl*v of geaetle 
25 disordera at the DNA l*v*l by S.E. Antonarakls 
(Antonarakls, S.I., H.E.J. Mad. . 320:153.163 
(1989)). Za addition to thes* ■*atioBed 
specifically above are Gaucher' • dlsaasa 
hypobetallpopretelneals. Osteogenesis laperfecta 
30 associated with a fraaeshift autstlen. Gyrate 

atrophy, Oiabates ■ellltua due to abaoraal insulins. 
Hereditary persistence of fatal heaeglebln. 
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Phttnylkfttotiurla, aj^-Antitryp«ln dftfieittocy, 
a-Thalas8«ai«, Fattlllal hyp«rehol«sCftroleaiA. 
OrnlthiM transearbaajlase dafielaney, Hsaophlllft B 
ud fiaaophllia A. 
05 In prlneipls, vh«r«v«r m point autAtlen has 

b«»n Idftntlfltd In a g«noB«, it pr«s«nts an 
opportunity to cospara tha hybridisation Tno of 
aaall aafsaats of a noraal ganoaa and of a diaaaaa 
altarad ganoaa by aaans of tha FRET taehniqua» and 
10 to diagnoaa tha point autation by an altaration in 
tha Ta of tha affactad as eoaparod vith tha aoraal 
ganoaa aagaant. 

Vhan a singla basa delation, alteration or 
insertion occurs in the diseased state, the 
15 hybridisation association difference batveen tha 
perfectly aatched hybrids and those vith 
aisaatch (as) can be aagnified by levering the 
hybridization taaparature. Thua« for aaaaplOt in 
the early axpariaants defining the particular 
20 trinucleotides coding for individual aaino acids, a 
hybridization teaperature around 4*C vas used« in 
order to induce affective hybridization vith 
trinuclaotldas. At 37* C a trinucleotide vill not 
hybridize affectively vith its perfectly aatched 
25 base coaplaaent. 

Tha iavantlon is further illustrated by the 
follovlng specif le axaaplea, vhlch are not Intended 
to be Halting In any vay« 
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EXAMPLE 1 Effect of Aee«pein » Ceneantr«tton an 
Tranafar Kfflel«neY 
Th« taaehlngi of «11 •eiontlfie publlcationf 
eltod in «ll •saapios horola «r« horoby iaeorporatod 
05 hj raforoneo. 

Flttoro.e.ne. ■•«.ur«.«nt» «roc. ..d. In « 
Porkla-llaor •poeerofluorlaocor «qutpp«d with • 
t«np«r«tur« eeatrollod ehaabor and Glaa-Thoapaoa 
polarlz«x. Tha axeitatien vavalangtha uaad for 
flueraaeaia and aeridlaa oraaga vara 472 an and 503 
na. ra.p.etlvaly. Tha aalaalon vavalangtha uaad for 
flueraaeaia. aeridiaa eraaga aad rhodaaina vara 517 
nn, 522 na and 577. an. raapaetivaly. 

Tha baekgrouad fluoraaeaaea iatanaity of 85 pi 
ef pheaphata. buffered aaliaa (PBS: 0.13S a 
■aCl/O.Ol a pheaphata. pH 7.2) ia a 200 „l quartz 
cuvette (optical aelutiea path leagth - 0.3 ea) vaa 
dataraiaad. To this cuvette. 15 mI of approxiaataly 
5 aM doaer-labeled or ualabeled oligeaueleotidaa la 
PBS vaa added in 5 aieroliter atepa aad the 
lateaaity vaa deteraiaed. Oligeaucleotidea 
containing accepter fluorephore vaa then added In 5 
>il atepa. Xnergy eranafer vaa ebaerved by donor 
quenching aad aeeapter •ahaneaaent. Traasfer 
affleloaeiea vara decaraiaed froa the queaehlng 
data. Thla involved correcting the data for 
dilution and for quenching by unlabeled eoapleaeat. 
Inner filter effecta vere negligible. Thua, If Q 
and Q^^^ are the quenching obaarved for the 
aonlabeled and labeled coapleaenta. the transfer 
efficieacy la given by the folloving equation: 

=t - <^d.a-<'d.uJ/<^-Qd.u> 
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AccftpCor*lab«lftd oligonucl«otld«< war* «dd«d until 
£^ VAS constsnc. £xp«rla«iics vere p«rform«d At 5*C. 

To detftralne the baxIbub efficitncy of tranifer 
bBtvaen donor and Boeoptor fluorophoros attBchod to 
05 oligonuelootidoa, tho oaiAslon spoctrua of aeeoptor 
VBS follovod B« B function of ineroBsing aeeoptor 
eoncontration bc « flxod auabor of donor aoloeuloo. 
Tho firat Bxporiaoncs voro porforaod using tvo 
coaploaontBty oligonuclootidoo vith donor and 
10 aecaptor fluorophoraa attachad at aithar and of tha 
hybridizad conplax. Attachaant of fluoraacain, 
uaing fluoraacain iaothiocyanata . or 
tatraaathylrhodaaina using tatraaathylrhodaaina 
iaothiocyanata, to tha darivatisad oligonuclaotidaa 
15 and aubaaquant purification vara earriad out 
according to tha aathoda of Agraval, S. at al, . 
aupra» and Eaaon» V«C.» aupra. Ona oligonuclaotida 
had fluoraacain attachad to ita 5' and (donor) 
vharaBs tha othar coaplaaantary nuclaotida had 
20 rhodaaina attachad to ita 5' and (aecaptor). 

Quanehlng and tranafar afficianey vara datarainad 
for oligonuclaotidaa containing 8 nuclaotidaa, 12 
nuclaotidaa and 16 nuelaotidaa. 

Ab ahova ia Figura 4» aaiaaion apactra ara 
25 praaaatad bb b function of incraaaing 

rhodaaina •linfcad 8-aBr concantration to a fixad 
nuabar of fluoraacain- linked 8*aar aolaculaa. Aa 
tha aaount of rhodaaina -linkad 8-aar vaa incraasad, 
thara vaa a dacraaaa in fluoraacain aaiaaion 
30 intanaity (517 na) and an incraaaa in rhodaaina 

aaiaaion intanaity (577 na). Saturation of both tha 
fluoraacain quenching and tha rhodaaina anhancaaent 
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occurred vb«n th« ratio of «ecepcor to donor 
•xc««d«d 2:1. Th» SMiaua quenching of fluorescein 
upon aaturatloa vaa 0.63 in the presenc* of donor 
and acceptor. Vhen the esperlaenc ««• repeated with 
05 flttoreaceln- linked eligenueleetidea and its 

unlabeled eoapleaent, fluorescein eaissien intensity 
was quenched 0.26 frea its aaxiaua walue vith no 
detectable increase in intensity at 377 am, as shown 
in Figure 4. Thus, fluorescence was aedulated in 
10 three ways upon hybridization: a decrease in 

fluorescein eaissien upon binding to an unlabeled 
eoaplsaeatary eligenucleetide. a larger decrease in 
fluorescein eaission intensity upon binding to a 
rhodaaine- linked ceaplaaentary ollgenueleotide . and 
the detection of rhodaaine eaission intensity upon 
binding to a rhedaaine>linked coapleaentary 
oligonucleotide. The first phenoaenon represents a 
quenching of the fluorophore upon binding to its 
unlabeled eoapleaent. while the latter two pbenoaena 
represent aodulatien of fluoroacenco intensity due 
to anergy transfor. The degree of fluorescein 
quenching duo to oaorfy transfer aleno was 
calculated frea tho above equation. In tho ease of 
the S-aor, the traatfor offleiaaey batwaaa 
fluoroaeein and rhodaaine was. therefore, about 0.5. 

Coaparable experiaents using 12.aers and 
l6-aers were also perforaed, the results of whieh 
are shown in Table 1. In general, tho aaouat of 
quenching in the absence of acceptor waa Independent 
of chain length and had a value of 0.26 ± 0.02 for 
all oligonucleotides (aean ± -SD for 4 deteraina- 
tlons of each n«aar. where n - 8. 12, or 16 
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nucltotldfts) * In the preianee of rhodaaintt^linked 
coaplenentery oIlgonucI«o'cld«s , the degree of 
fluoreeeeln quenching due to energy trenefer alone 
decreased vlth Increasing chain length. As shovn in 

05 Figure 5, hybridization vas ceaplate for all three 
chain lengths at an acceptor/donor ratios, no 
■odulation in the corrected fluorescein or rhedanine 
signal vas observed. Subsequent experiaents using 
these oligonucleotides vers done at an 

10 acceptor/donor ratio of 4:1 to ansure that 
hybridization vas coaplete. 



15 





MdSshuoB of fluoMOib ioMttsiiy M wnsitii 
rtftscM for ODKTs of chiia kaith • 


«lt««ltofODNT«ttMdi 




a 




£, 




i 

22 
2i 


e.fi22sOM 0^(3^0.021 
e.423±iL030 eJCi5£O.0U 
U95^MXt a2fi2&e.023 


0^^0.035 

0Ji5se.es2 

0.049^0.010 


0.99 s 0.02 
1^X0.09 
2.0SS0.10 



tai fipRM MM £ SD lor IbarSnm ospcriatms. Sic 
iriian n ii fww i rf in hhil i il . itnit i m i nt li ^ ■ l l l lsd mhbt li il ODWT. 

EXAMPLE 2 Effect of Teaoerature on Transfer 
20 Efficiency 

The effect of teaperature en hybridization vas 
also folloved for different chain lengths (8, 12 and 
16*aer8) at saturating concentrations of 
acceptor- linked oligonucleotide. The resulting 
25 a«ltlng teaperatures (T^) • defined as the aidpoint 
▼alues of fluorescein quenching or rhodaaine 
enhanceaent over a teaperature range of 0*60*C, vere 
coapared vith absorbence values that are at 260 na. 
Above S0*C, there vas no fluorescein quenching nor 
30 detectable rhodaaine signal. As the teaperature vas 
levered, the fluorescein intensity decreased and the 
rhodaaine intensity increesed in a sigaoidal aanner 
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«B shown by (o) in Flgur«.6. ladleatlng «n laer««*« 
In transfer •ffieianey vith the rhedaaln* aeeapter 
«etaeh«d to tha eoaplanantary 8-aar. This agraad 
vail vith tha abaerbanea data, which ahovad a 
W eharaetariatie •IgBoldal daeraasa in A^^^ with 

daeraaaiaf eaaparatura, indicating hybridisation of 
eeaplaaaatary auelaoeidaa. Za addition, chara vaa a 
concurraot ineraaaa ia rhodaaiaa aaiaaiea laeaaaity 
(o). 

10 In gaaaral. thara waa no significant diffaraaea 

bacyaan valuas obtainad by fluoraacain quaaehing 
and by dacraaaad Aj^^ signal with daeraaaing 
taaparatura. Tha valuaa obtainad by fluoraacain 
quaaehiag wara 23.8 ± 4.2'C, 38.3 ± 4.5'C, aad 47.2 

15 ± 5.2*C for tha S-aar. 12.aar aad 16'aar, roapae- 
tivaly (aaaa ± SO for 4 dataraiaatioaa) . By 
eeaparison, tha Taluaa ebtalaad by a daeraaaa la 
^260 24.5*C. 37.5'C, and 46.0-C (for tha S-aar. 

12-aar and 16-aar, raapaetivaly) . Uanea, ia all 

20 casas. tha datarainad by fluoraaeanea waa within 
31 of tha dataralaad by Aj^^, 

EXAMPLE 3 Hybrldi«atien of Two Labalad 

Oliaaattela otidaa to a Coanlaaantary 

25 Isporlaaata vara also parferaad wieh two 

fluoraaeaatly labalad aligeauelaecidaa hybridixad eo 
a longar coaplaaaatary atrand aa schaaatieally 
illustratad in Flgura 1. Whan thaaa thraa straada 
hybridixad. only 4 basas aaparatad tha fluoraaeaia 

30 donor froa tha rhodaaina aecsptor. Aa in Exaapla I, 
quenching of donor fluorescence by energy transfer 
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lner««s#d to sacurccion vlth acceptor coneantration. 
Table 2-, Una a. ahovs tha results of thasa 
axparlaanta. In tha prasance of f luoraacaln-labalad 
oligonuclaotldaa and unlabalad oligonuclaotidaa 

05 hybridlzad to tha 29-Bar» tha quanehing of 
fluoraacaln aalaaioa waa about 0,27« In tha 
praaanea of rhodaBlna aceaptor, tha quanehing vas 
anhanead to 0.71 and thara vaa a larga fluoraacanea 
signal at tha rhodaaina paalc (577 na) • Hancat tha 

10 transfer efficiency, given by the above aquation in 
Exanpla 1, vas about 0.6. 
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EQUIVALENTS 

20 Those skilled in the art will recognize, or be 

able to ascertain using no more than routine 
axpariaentation, aany equivalents to tha specific 
aabodiaant of tha invention dascribad apaeifieally 
herein. Such equivalents are intended to be 

25 aneospaaaed in tha acope of the folloving claias. 
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10 



15 



20 
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1. A pair of ollgonucleotld* probe* . vhertln: 

«) a £lr«t ollgenueloetldo prebo !■ eeaprla*d 
o£ m Bueloetldo ••quoneo which hybridlzos 
to • rogloB of hua«a ehreaoooaal D8A 
adjaeaat to a roglea la vhieh aa 
alteration asaoeiatad vleh cyatie fibrosis 
occurs and is labalad vlth a fluorephera 
at the and which, upon hybridization to 
the region of huaan ehroaosoaal DRA, Is 
closer to the region in which the 
alteration occurs; and 
b) a aaeend oligonucleotid* probe is 

eoaprisad of a auelootida saquenee which 
hybridizes to the region of neraal huaan 
chroaosoaal ONA which corresponds to the 
region In which the alteration associated 
with cystic fibrosis occurs and Is labeled 
with a fluorophore at the end which, upon 
hybridization to the region of huaan 
chroaosoaal DNA. is closer to the first 
probe. 

2. A pair of ellgonueleotida prebaa. vharaia: 

a) a first oligonucleotide preba is eoaprisad 
of a nucleotlda sequence which hybridises 
to a region of huaan chroaosoaal DRA 
adjacent to the 5' and of the region where 
the trinucleotide deletion of chroaosoae 
seven associated with cystic fibrosis 
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occurs and is l«b«l«d vieh a fluorophora 
ae cha 5' aad; and 
b) a aaeond oligonuelaotlda probs coaprisad 
of a nuclaotida aaquanea vhich hybridizaa 
Co tha raglon of nonal huaan ehroaoaoaal 
DNA vhich corrosponda to tha ragion vhora 
cha criouclaotida 4alacion of chroaoaoaa 
aavan aaaoeiatad vich cyatle fibroaia 
oeeura and ia labalad vith a fluorophbra 
10 ac Cha 3' and. 

3. A pair of oligonuclootida probaa, aach 

conprisad of a nuclaotida aaquanea and a 
covalancly bound fluorophora: 
a) 3'-CCG TCC TAA TCT CTT TIA TA PL- 5' 
^5 b) 3'«FL AAA CAA-S'. vharain Cha fluorophora 

(PL) covalantly bound Co ona proba ia a 
donor fluorophora and cha fluorophora 
eovalancly bound Co cha ochar proba ia an 
aceapcor fluorophora. 

20 4. A pair of oligonueltocido probaa of Claim 3, 
vharaia cha donor fluorophora ia fluoraaeain 
and cha aceapcor fluorophora ia rhodanina. 

5. A aachod of dacaccing in a aaapla a dafaeciva 
25 fono Mooeiacad vich or cauaaciva of a diaaaaa, 

eoapriaing eonbining cha aaapla, Craacad ao aa 
to randar nuclaic acida praianc in cha aaapla 
availabla for hybridization vith coaplaaantary 
oligonuelaocida probaa, undar appropriaca 



SUBSTITUTE SHEET 



wo 92/14845 PCT/US92/01S91 



-29' 



conditions, with « pair of f luorepher«-l«b«l*d 
ol'lgonuelaetlda prob««, wharala: 
«) « flr«t ellgenuel«etlde probe Is eoaprlaed 
•f « BueUetid* ••qu«Be« which hybridizes 

• '•»ion of huBsa ehreaoseaAl DMA 
•djecont to • r*slen in which ca 
•Iteration Associated with said diaeaae 
occurs and is labeled with a first 
fluorephore at the end which, upea 
" hybrldixation to the region of huaan 

chreaesoaal DMA. is closer to the region 
ia which the alteration occurs; aad 
b) a secead eligeaucleotide probe la 

ceaprised of a aueleotide sequeace which 
" hybridirea to the regioa of aoraal huaaa 

ehroaoseaal OKA which cerrespeads to the 
region in which the alteration aasociated 
with said disease occurs and is labeled 
with a second fluorophore at the end 
20 which, upon hybrldixation to the region of 

huaaa chroaeaeaBl DNA, is closer to the 
first probe; aad separAted by a distaaca 
which allevs tha •ffieieat traasfar of 
•aergy batiraaa tha first aad secead 
25 fluorephore . 

6. A aethod of Clala 5. wherela hybridizatiea ef 
coBpleaentary nucleotide saqueaces is datoctod 
by deteraiaiag fluorescence reaoaaaea oaergy 
trsasfcr. 
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A ■•ched of Clala 5 vhor^ln, upon 
hybridlzAtloA. zhm tvo eligonuelootldtt prob«8 
arft 8«pAr«t«d opclaally by « dist«ae« of tvo to 
four nuclootldo bMoo, vith longor and shorter 
dlttaneos bolnf ooeoptablo mm long mm oaorgy 
transfer occurs. 

A aothod of decocting In m oanple m gene 
eeeocleted vlth or ceueetlve of cystic 
fibrosis, eoaprlslng coablnlng the senple, 
trested so es to render nucleic sclds present 
In the senple evslleble for hybridization vlth 
conplenentsrj oligonucleotide probes, under 
Appropriate conditions, vlth a pair of 
flttorophore •labeled oligonucleotide probes, 
vhereln: 

a) a first oligonucleotide probe Is coaprlsed 
of a nucleotide sequence vhlch hybridizes 
to a region of huaan chroaosoaal ONA 
adjacent to a region In vhlch an 
alteration associated vlth cystic fibrosis 
occurs and Is labeled vlth a first 
fluorophore at the end vhlch, upon 
hybridisation to the region of huaan 
chroaosoaal DNA, Is closer to the region 
in vhlch the alteration occurs; and 

h) a second oligonucleotide probe Is 

coaprlsed of a nucleotide sequence vhlch 
hybridises to the region of noraal huaan 
chroaosoaal ONA vhlch corresponds to the 
region In vhlch the alteration associated 
vlth cystic fibrosis occurs and Is labeled 
vlth a second flu roph re at the end 
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vhieh, upon hybridization to tho rogien of 
haa«n ehroaosoaal DBA, Is closer to the 
first proba; aad sspsrated by a distance 
which allows. the efflelant transfer of 
•nargy batwaan the first and second 
fluerophera. 

A aethod of Claia 8 wherein hybridisation of 
eoaplaaentary nucleotide saquaneas is dateetad 
by deteraining fluorescence resonance energy 
transfer. 

10. A aethod of Claia 8 wherein, upon 

hybridization, the two eligonuelaotide probes 
are separated by a diatanca of two to four 
nuelaetida hasas. 

15 11. A aethod of detecting in a saapla a 

trinucleotide deletion of chroaosoae seven 
associated with or causative of cystic 
fibrosis, eoaprising eoabining the saaple. 
created ae as to render nucleic acids present 

20 ia eba aaapla available for hybridisation with 

eoaplMeatdry eligeauelaotlda probes . under 
appropriate eoaditions, with a pair of 
fluerophore. labeled oligonucleotide probes, 
wherein: 

!5 «) a first oligonucleotide probe is ceaprised 

of a nucleotide sequence which hybridises 
to a region of huaan chroaoaoaal DNA 
adjacent to a region in which aaid 
trinucleotide deletion associated with 

0 cystic fibrosis occurs and is labeled with 



9. 



10 
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« firsc fluerophor* ac zhm and vbleht upon 
hybrldlMtioQ to thm region of husM 
ehro«o«oaal DNA/ Is elosor to tho roglon 
la vhleh tho. Altoratlon eecuro; and 
0^ b) A ooeoad olif onuelootldo probo im 

ceaprlsod of « nuelootldo ooquoneo vhleh 
hybrldlsofl to tho rogioa of aoraol huaaa 
chroBoooaoI DNA vhleh eorroopoado to tho 
rogloa la vhleh tho trlauelootldo dolotloa 
10 of ehroaosoao oovoa ooooelotod vlth cyetle 

flbroolo oeeuro mad 1a labolod vlth a 
ooeoad fluorophoro ot tho oad vhleh. upoa 
hybrldlzotloa to tho rog loa of huaoa 
chroaoooaal MA. la eleaor to tho first 
15 probo; aad aoparatod by a dlataaeo vhleh 

allovo tho affleloat traaafor of oaorgy 
botvooa tho flrat aad ooeoad fluorophoro. 

12. A aothod of Clala II vhorola hybrldlzatloa of 
eoaploaoatary auelootldo aoquaaeoa la dotoetod 

20 by dotoralalag fluorooeoaeo roooaaaeo oaorgy 

traaafar. 

13. A aathed of Clala 11 vhorola. upoa 
bybrldlsatloa, tho tvo ollgoauelootldo proboa 
aro aoparatod by a dlataaea of approslaataly 

25 tvo to four auelootldo baaoa, vlth loagor aad 

ahertar dlataaeoa balag aeeoptabla aa loag aa 
oaorgy traaafor oeeura. 

14. A aathod of dlagooalag eyatle flbroala la aa 
ladlvldual. eoaprlalng tho atopa of: 
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05 b) 



10 



15 



20 



25 



30 



randarlng nuclale acids pras«ae in « 
«<apl« Qbrtalnad froa ch« individual 
•▼ailabla for hybrldlsatien »lth 
eoaplaaaaeary eliconuelaetlda probas; 
«oabialoff tha product of aeap (a) with a 
pair of eligeauelaetlda prabaa. wbaraln: 
1> a firat ollgoauelaetida proba la 

eeapriaad of a auelaetida aaquaaea 
which hybridlzaa to a ragioa la which 
an altaration asaeeiatad with cystic 
fibrosis occurs and is labalad with a 
fluerophera at tha and which, upon 
hybridisation to tha raglen of huaan 
ehroaoaeaal DHA, ia elosar to tha 
ragioa in which tha altaratloa 
eeeura; and 
H) a aoeend eligenuelaotida proba ia 
coapriaad of a auelaotida aaquanea 
which hybridlzaa to tha raglen of 
Boraal huaan chroaosoaal DNA which 
eerraapeada to tha raglen in which 
tha altaratloa assoelatad with cystic 
flbtoals oacurs and la labalad with a 
fluerophoro at tha and which, upon 
hybridlaatloa to tha rogioa of huaan 
chroaosoaal ORA. la eloaar to tha 
firat proba; 
e) datactiag hybriditation of eoaplaaaatary 
nuelaetida soquaaeas by dataralaing 
flueraacoaca rasenanea onargy traaafar; 
aad 
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coapAring th^ fluor««e«ne« rasonane* 
mnmxgj transfar daearainad In atap (e) 
vith tha fluoraaeanea raaonanea aaargy 
tranafar vhlch oeeura vhaa hybrldiaation 
Cakaa plaea undar tha aaaa coadltiana. 
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